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ABSTRACT
The mj mixing cross section for disorientation of magnetically
2
oriented potassium atoms in the 4 ^2/2 state» induced by collisions with 
ground state helium atoms, was measured using a modified Zeeman scanning 
technique. The mj substates of potassium atoms, situated in a strong 
magnetic field, were selectively excited and the collisionally induced 
mixing manifested itself by the depolarization of the potassium resonance
fluorescence. The depolarization measurements yielded mixing cross
-14 2 -14 2
sections ranging from 0.77 x 10 cm to 1.4 x 10 cm . It is felt
that this discrepancy may be due to a selection rule for transitions
between the fine structure states such that £nij = 0 is preferred.
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I. INTRODUCTION
2
When an excited alkali atom in a P resonance state is
involved in an inelastic collision with a similar or dissimilar ground
2
state atom, it may suffer a non-radiative transition to the other P
state. Similarly, if the alkali atom is in one of the Zeeman substates 
2
of a P state, it may be transferred, in a collision, to another Zeeman
2
substate. Transitions between the P resonance states in sodium were
1 2  3 4first studied by R. W. Wood * . Wood and Mohler and Lochte-Holtgreven
investigated sodium-inert gas mixtures and, more recently, such collision-
induced non-radiative transitions in alkali vapours and in their mixtures
with inert gases have been investigated by Seiwert"* Krause and co-
workers**”^, Beahn et al^, and Jordan and Franken*^. The question
arose as to the possible existence of selection rules that govern the
collision induced transitions between Zeeman levels of the two fine
structure states*-**’ . The collision cross sections and existence of
selection rules for transitions between Zeeman levels of the same fine
18
structure state are also of interest , as is the dependence of these 
cross sections on the magnitude of the Zeeman splitting. The purpose 
of the present investigation is to measure the cross section for m^ 
mixing induced by collisions between excited potassium atoms and helium 
atoms in their ground states. These collisions result in non-radiative 
transitions between the | m^j = 3/2 and |ittj| = 1/2 substates of the 4^P 
state in potassium to the |mj| = 1/2 and |mj| = 3/2 state, respectively,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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of: the same 4 P^/2 state*
The experiment is based on the following principle: a
potassium lamp is placed in a strong magnetic field so that the fine
structure states of the potassium atoms are split into Zeeman substates.
2
Transitions from substates of the P states to the substates of the 
ground state result in radiation whose components have a distinct 
polarization with respect to the magnetic field surrounding the lamp, 
and which depends on the levels between which the transitions take 
place. One of the two resonance lines emitted by the lamp is selected 
by means of an interference filter and one of its components, which is 
oriented in a particular direction, is selected by means of a polaroid 
filter and is then condensed into a fluorescence cell containing 
potassium vapour, and located in another, parallel, magnetic field.
The field surrounding the cell is continuously varied, and at various 
field strengths the Zeeman splitting of the states of the potassium 
atoms in the cell is such that the selected radiation from the lamp
can excite transitions in the potassium atoms contained in the fluores­
cence cell, thus populating the various mj substates in a predictable 
ratio.
The polarization of the radiation emitted from the cell
depends on the type of transitions which take place. Thus, by observing
the intensities of the polarized components as a function of magnetic 
field, both perpendicularly and along the field, it should be possible 
to deduce how closely the observed relative intensities of the Zeeman 
components approach those predicted by a formula derived in a similar
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
20
way as the Van Vleck formula . The introduction of a foreign gas into 
the fluorescence cell causes collisions between the excited potassium 
atoms and the foreign gas atoms. These collisions, in turn, cause a 
distribution of population among the various mj substates. In this 
investigation these collisional Zeeman transitions were studied and the 
appropriate collision cross sections determined.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
II. THE PRINCIPLE OF ZEEMAN SCANNING
The hyperfine structure of the potassium atoms placed in
a strong magnetic field exhibits a complete Paschen-Back effect, with
21 22the energy displacement, AE, of each Zeeman sublevel given by ' :
AE = p. H itij g j + A m^ . m^ . (1)
p. H m g is the Zeeman splitting due to the external magnetic field,
J J
and A m  m is the hyperfine structure term which accounts for an
i vJ
increased line width and which will, henceforth, be disregarded. Using 
only the first term in Eq. (1), the Zeeman displacement is given by:
Ay = 4.669 x 10“ 5 B mj gj , (2)
where Ay is the frequency in cm \  B is the magnetic field in gauss
and g T is the Lande factor:
J
, , S(S + 1) + J(J + 1) - L(L + 1 )  , .
8j " 1 + - 2J(J +' 1) (3)
2 2 2 
The Zeeman displacements for the 4 ^ ^1/2 anC* ^ ^1/2 states
potassium atoms are given in Table I.
If an excited atom suffers a radiative transition to the
ground state such that Afcj = 0, the emitted radiation is linearly
polarized with the electric vector along the direction of the external
magnetic field. This is known as a tt transition. A transition with
Anj = + 1 produces, with respect to the external magnetic field, right
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
5TABLE I
Zeeman Displacements in Potassium (cm
Atomic
State \J + 1/2 + 3/2
42P 1/2 1.556 x 10“5 B
3/2 3.113 x 10-5 B 9.338 x 10”5 B
42S 1/2 4.669 x 10-5 B
circularly polarized radiation in a plane perpendicular to the magnetic 
field; that is, a+ radiation. Transitions for which Anj = -1 produce
left circularly polarized, cT radiation. The transitions between the
2 2 2 
Zeeman levels of the 4 $^12* ^ ^1/2 anc* ^ ^3/2 states potassium are
illustrated in Fig. 1.
The radiation from the lamp, emitted perpendicularly to the 
magnetic field has the tt components linearly polarized, with the plane 
of polarization, parallel to the field. The a components are linearly 
polarized, in a direction perpendicular to the field and of half of 
their total intensity. By using a polaroid filter, one of these two 
components can be selected and used to excite particular Zeeman levels 
in the potassium atoms in the fluorescence cell, provided that the 
magnitude of the field surrounding the cell is adjusted so that the 
frequencies of the Zeeman components of atoms in the cell coincide 
with the frequencies of the Zeeman components emitted by the lamp.
Fig. 2 shows how the frequency of the various Zeeman
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Fig. 1. Radiative Transitions between the Zeeman Sublevels of the P 
states and the ground state in potassium.
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9components in the cell varies as the field surrounding the cell is 
increased, and how these frequencies coincide with the frequencies of 
the Zeeman components in the lamp, situated in a constant magnetic 
field. Fluorescence will occur at positions marked 3, 4 and 5 in 
Fig. 2 when fluorescence in the cell is excited with a radiation 
emitted from the lamp perpendicularly to the field. With similar tt 
excitation fluorescence will occur only at position 4. The other 
maxima shown in Fig. 2 will occur only if the polarization of the 
exciting light is changed from linear to circular so that a transitions 
in the cell can also be excited by tt components in the exciting light 
and vice versa.
The radiation which is emitted from the lamp, parallel to 
the magnetic field, contains only the o*~ and a , circularly polarized, 
components and they can be linearly polarized in mutually perpendicular 
directions by passing them through a \/4 plate. One of these components 
can be selected by means of a polaroid filter. The \/4 plate and 
Polaroid filter can then be rotated together so that the selected
c o m ponent will excite either only a or only tt transitions in the cell.
2
Fig. 3 shows how the positive mj levels of the 4 state t*ie
atoms in the cell can be selectively populated by using only the a+ 
component emitted from the lamp, which is selected with respect to 
both its polarization and frequency.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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CELL | | |
POSITION 3 4
2
Fig. 3. Excitation of only the positive ijij substates of the 4 P^/2 state 
of potassium by using only the a component, emitted from the 
lamp. a+i/2» a+3/2’ ^  are Poss*kle transitions in the atoms 
in the ceil; °T/2» a3/2 are t*ie trans*tions» in t'ie lamP> which 
yield the exciting radiation.
I
5
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III. THE PROPERTIES OF RADIATION EMITTED FROM MAGNETICALLY ORIENTED AT CMS
The properties of the observed fluorescence emitted by the 
vapour in the cell can be predicted if the properties of the incident 
radiation are known. The number of atoms per unit volume in the 
fluorescence cell, which are excited to a particular level by radiation 
emitted perpendicularly to the magnetic field surrounding the lamp is 
given by:
N^ ^ 1^ (A1^  cos2 9 + sin2 9) , (4)
tt 2 a
where N^ 1 is the number of atoms excited to the p ^  level, I^ 1 is the
intensity of the incident radiation of the required frequency, a (^ is
probability that, if an atom is excited to the (j.t 1^ level, it will be
excited by means of a tt transition, or, if an atom is in the p ^  level,
it is the probability that the atom will return to the ground state by
means of a tt transition, A^ is the probability that if an atom is 
t hexcited to the p. level, it will be excited by means of a o transition, 
or, if an atom is in the pC^ level, it is the probability that the 
atom will return to the ground state by means of a a transition, and 
9 is the angle between the electric vector of the incident light and 
the magnetic field in the fluorescence cell. The fraction of atoms in 
the p ^  level which suffer transitions to the ground state by means of
tt transitions is
A ^-nr
tt a
11
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and the corresponding fraction for a transitions is
A ^
+ A 1^ 
TT a
The total intensity of the radiation emitted from the 
fluorescence cell, perpendicularly to the magnetic field surrounding 
it, consists of tt and a components. The intensity of the tt component 
is given by:
A^
§ = C E ^  (a£ cos2 9 + ^ A*1 sin2 9) , (5)
S F A ^ + A ^  n 2 a
tt a
where C is a constant. The observed intensity of the a component, r|, 
is one half of the total a radiation emitted, because we are observing 
linearly polarized radiation, whereas circularly polarized radiation 
is emitted.
A^
ri =  J c E I ^  ------—  ( a £  C O S 2 9 +  ^  A^ S i n 2 9) . (6)
2 \i A^ + A^ ^ 2 0
tt a
Considering the special case when the field surrounding the 
lamp and the polarization filter in the exciting beam are adjusted to 
transmit either only a or only tt radiation, Eqs. (5) and (6) reduce as 
follows:
for o excitation: 1/2
g _ 1 c I1'2 Att A° (7)
5 " 2 a a1/2 + Ai/2 ’ (7)
tt a 
(a1/212
1 1/2 1 a } ^ 1 n j 3/2 3/2
71 “ 4 C Xa ” 1/2 ; aT/2 + 4 C Xa a * (8)
tt a
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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and for tt excitation: . /0 0
I/, < v  >
5 - 0 A! 1/2 ■ ai7~2 - l9)
TT +  A 0 
A1/2 Al/2
r, - — r T1/2 — 2 H _  f 1 n\
11 2 Tt a 1/2 + a 1/2 * (1 '
tt a
1/2
where I is the intensity of incident radiation onto the atoms in
the fluorescence cell, of the required frequency and polarization, so
as to excite the potassium atoms up to the = 1/2 substate by means
of a a transition. The other intensities are similarly designated.
2
For transitions between the Zeeman levels of the 4 P^/2
2 23 24
and 4 Sj^ 2 states potassium, the ratio of the intensities is * :
t+ 1/2 ; £3/2 : £ 1 / 2  = 4:3il _ (u)
and the ratio of transition probabilities is:
£ 1/2 , £3/2 , £ 1/2 _ 4;6;2 _ (12)
tt a a
The degree of polarization of the emitted resonance fluores­
cence is defined as follows:
P = • (13)
S + Tl
The degree of polarization which would be expected, on the 
basis of Eq. (13) in the various maxima shown in Fig. 2, are listed in 
Table II.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE I I
Relative Intensities and Degrees of Polarization in Maxima
Arising from Transitions Between the Zeeman Sublevels
2 2 
of the 4 P3/2 an<* 4 States of Potassium.
The Various Maxima are Identified in Fig. 2.
Mode of 
Excitation
Maximum
No.
Relative 
with a  
Observation
Intensity 
with tt 
Observation
Degree of 
Polarization
a 3 1 4 .60
a 4 28/3 4/3 - .75
a 5 3 0
oo•1
TT 4 16/3 64/3 .60
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
IV. MACROSCOPIC THEORY OF THE COLLISIONAL m T MIXING PROCESSES
J
When inert gas is added to the potassium vapour, which is 
being illuminated with the 7665 ft resonance radiation as described in 
the foregoing chapters, the resulting collisions, between the excited 
potassium atoms and the ground state inert gas atoms, induce non- 
radiative transitions of the following type,
K(42j\/9 J  + X(lsJ  + K(42P,/, ,) + X( XS ) ,j f O -j f £} |J, o
2
where K(4 P-/0 ) is a potassium atom in the m T = p sublevel of the
J / /,(j. J
2 1 
4 1*2/2 resonance state, X( Sq) is a ground state inert gas atom and
AE is the energy difference across which transitions take place. Non-
2
radiative transitions to the 4 P^/2 structure state are also
possible. Fig. 4 illustrates the various collisional and radiative
2
transitions in the 4 P^ ^  state of potassium.
The analysis of the problem can be simplified by assuming
that, to the first approximation, non-radiative transitions between
2 2
fine structure states (4 p^/2 ^ ^  ^3/2^ are *-mPr°bable compared with 
the transitions between the Zeeman sublevels, positive and negative 
m T levels are excited equally and simultaneously, and that the separatic 
between the Zeeman sublevels is so small that AE «  kT. Thus, in the 
analysis, we do not differentiate between positive and negative mj 
sublevels, and the situation is reduced to that represented by Fig. 5, 
where level 1 represents sublevels m^ = 3/2 and mj = -3/2 and level 2
15
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Fig. 4. Radiative and collisional transitions involving the Zeeman substates of the 4 P3/2 state of 
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Fig. 5
LEVEL
2  ( n r i j =
1 (rrij = t* -1
The situation of the Zeeman splitting in the 4 ^  . state of potassium is simplified by not 
distinguishing between positive and negative m^ Ifevels, and by neglecting transitions from 
the state to other than the ground state, s-^ and S2 are transitions due to the exciting
light, is due to non-radiative transitions for which Im^ j = 3/2 —*■ knj = 1/2, and z 2 is
due to transitions for which Inijl = 3/2-*- |mjl = 1/2, jL n^ and -^ riy are spontaneous 
transitions to the ground state. L L
18
represents sublevels nij = 1/2 and m^ = -1/2.
The fluorescing vapour-gas mixture is considered to exist
in a dynamical equilibrium which involves optical excitation of the
2
Zeeman sublevels in the 4 P^/2 state» spontaneous decay and collisional 
mixing between the ra substates. The equilibrium may be represented
J
by the following rate equations:
dnl 1
d T  = " T nl ' Zlnl + z2n2 + s! = ° ’ (14)
dn2 l
—  = - - n2 - z2n2 + + s2 = 0 , (15)
where ^n^ is the number of atoms leaving the p. level per second, by
spontaneous emission to the ground state, when T is the average 
2
lifetime of the state anc* assumed to be same for all the
m levels,J
Z1 = Z-3/2-l/2 + Z-3/2 1/2 + Z3/2 1/2 + z3/2-l/2 ’
22 = Z-1/2-3/2 + Z — 1/2 3/2 + Zl/2 3/2 + zl/2-3/2 ’ (l?^
n i = n3/2 + n-3/2 = 2 n3/2 * (18*
n 2 = n i/2 + n-l/2 = 2 n 1/2 * (19)
s is the number of atoms excited per second to the p sublevel,
p
S 1 “ s3/2+ s -3/2 = 2 s3/2 ' (20)
s2 “ s1/2 + S-l/2 “ 2 sl/2 ' <21'
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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z , is the collision number: that is, the number of times in one 
second that a particular excited atom suffers a collision which causes
a transition from m^ = g, to m^ = g T. z^/2 1/2 anc* z 1/2 1/2 ^ave no
net effect and cannot be distinguished in this experiment. It is also
assumed that only transitions for which An = + 1 or + 2 are permitted«J “
18but not those for which An^ = + 3
Equations (14) and (15) give:
*2 _ Vi+ <T+ 32
”l Z2S2 + <7+ Z2> S1
The degree of polarization given by Eq. (13) becomes:
A2 ( a 2 A1
i °JL_ n . I  s' — g—  n + , CT~ ; n.
(2 2 )
.2 , .2 2 2 / .2 , A2 2 .1 , A1 l!A + A I A + A A + A
P = n___ g________V n____0_______ n a ' (oil
<  , f  A2 A 1 1 * U 3 )
TT 1 1 g ,_____ CT \
A ^ A 2 "2 M a ^ A 2 "2 a U a 1 "1/
tt a \ t t c t  tt a /
2 2 1 1
where An = 4, A^ =2, A^ = 6, A^ = 0, and thus,
1 . ^ 2
"Ip = .  L- . (24)
5 n2 
1 + T —
3 nl
It should be noted that the quantities § and T] in Eq. (13) will have 
changed in magnitude because of the mixing collisions. When there are 
no collisions (z^  = z^ = 0) Eqs. (22) and (24) lead to Pq, the degree
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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of polarization of the resonance fluorescence emitted from pure 
potassium vapour at low pressure,
i - i
s,
P  --------L_ . (25)
° 5 s
1 + 1 —3 sl
If it is assumed that the frequency of collisions leading to transitions 
Jm^j = 1/2 — >  |mjl = 3/2 is the same as for transitions Jnijl = 1/2 <S—
Jm^J = 3/2, (as is reasonable since AE «  kT), then, Eqs. (22), (24), 
and (25) lead to the following expression for P, the degree of polariza­
tion in the vapour*gas mixture:
P = 1 + 2t z - 2/3 t z P » (26)
o
where z = z^  = z^. This equation differs from the usual Stern-Volmer 
form25:
P
P =  , (27)
1 + T Z
for which z = z^ + z^ and which allows only for tt transitions from
one sublevel and only for a transitions from the other, as is the case 
3
in the P^ level of mercury.
By measuring the degrees of polarization in maxima labelled 
3, 4, and 5 in Fig. 2, it is possible to obtain an experimental value 
for Pq. When the inert gas is introduced, distinct values of P in 
each maximum can be obtained at each pressure. Eqs. (25) and (26) 
yield the collision frequency, z, which is related to the total cross
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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section, Q, by analogy with the classical gas kinetic cross section:
z = N Q vr , (28)
where N is the density of the inert gas atoms, and is the average 
relative velocity of the colliding partners:
vr = ' (29)
T is the temperature (°K) of the fluorescing vapour-gas mixture.
2
Thus, the cross section, Q, for nij mixing in the 4 2^/2 
state of potassium may be obtained from experimental measurements of 
the intensities and degrees of polarization in the various maxima of 
the Zeeman-scanned fluorescent spectrum.
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V. THE APPARATUS
The block diagram of the apparatus used in this investigation 
is given in Fig. 6. The potassium lamp was located in the magnetic 
field, M^. The required component of the emitted resonance radiation 
was selected by means of interference filters, \/4 plate and polaroid 
filter, and then focused onto the potassium vapour contained in the 
fluorescence cell, situated in another, parallel magnetic field, M^.
The fluorescent radiation, emitted from the vapour, was observed in 
two directions perpendicular to the incident radiation: perpendicularly
to the magnetic field surrounding the cell and parallel to the magnetic 
field. Certain components of the fluorescence were selected by a 
choice of interference filter, \/4 plate and polaroid filter, and were 
focused on the photocathode of a photomultiplier tube. The signal 
from this tube was amplified by an electrometer and then plotted on 
an X-Y plotter as a function of the magnetic field surrounding the 
cell. These plots yielded the relative intensities of the components 
in the various maxima, and hence, the cross section for collisions 
between the potassium atoms and the inert gas atoms which were intro­
duced into the cell.
The magnetic fields were produced by two Magnion Model L-128A 
12-inch electromagnets with four-inch air gaps. Powered by 65 amp,
D.C. power supplies, they were capable of producing magnetic fields 
of up to ten kilogauss. Details of the magnets have been described by
22
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Fig. 6. Block diagram of the apparatus used in Zeeman scanning experiments
C - fluorescence cell; G - gaussmeter; T - photomultipliers; E - electrometers; 
F - interference filters; P - polaroids.
L - lamp; magnets;
XY recorders;
roCO
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26Guiry . The potassium rf lamp is described in detail in Appendix 1.
The light emitted by the lamp could be accepted in a direction perpendi­
cular to the field, or using a 90° prism mounted close to one of the 
pole faces, in a direction parallel to the field.
26The fluorescence cell (Fig. 7) (see also Guiry ) consisted
of two parts: the main part included three mutually perpendicular
windows; the side arm, which was attached to the main part, acted as
a reservoir for the liquid potassium and its temperature controlled
the vapour pressure of the potassium in the cell. The cell was
26mounted in a suitable oven , which, when in operation, was situated 
between the poles of the second magnet. The oven consisted of two 
compartments: one containing the main body of the cell and one
containing the side-arm.
The design of the cell permitted exciting radiation from 
the lamp to enter by one of the windows, and the fluorescent light 
could be observed in two directions at 90° to the exciting light beam: 
one perpendicular to the field and the other parallel to the field.
By having the windows mutually perpendicular, the fluorescence could 
be excited in the corner, thus limiting reabsorption and trapping of 
resonance radiation. The temperature of the main part of the fluores­
cence cell was held at approximately 100 + 1°C. The side arm was kept 
at a constant temperature of 70 + 0.25°C. It was found that at 
temperatures above 70°C, the increased vapour pressure resulted in 
significant reabsorption of fluorescent radiation, especially, of the 
tt components. Copper constantan thermocouples, made of No. 42 wires,
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Fig. 7. Sketch of the fluorescence cell showing the location of the three
mutually perpendicular windows, the side arm and capillary connection
26
used to monitor the temperatures, were attached to the side arm, to 
various places on the fluorescence tube and to the lamp, and were 
connected through a rotary switch to a Leeds and Northrup Millivolt 
Potentiometer.
A capillary, approximately 6 cm long, with a 2 mm inside
26diameter, connected the cell to the vacuum and gas filling system ,
-  8which was capable of maintaining a vacuum of 5 x 10" torr, measured
with a Consolidated Electrodynamics, Ionization Vacuum gauge, Type
-4 -9
G1C-110, with a range of 10 to 10 torr. The pressure of the 
gases which could be admitted, as required, to the cell was measured 
with a LKB Type 3294B Autovac Vacuum Gauge, with a range of .01 torr 
to atmospheric pressure, and with a McLeod gauge, Type GM-100A, with 
a range of 1 x 10“  ^to 10 torr. The pressure of the inert gas was 
adjusted with the Autovac gauge but the final measurements were made 
with the McLeod gauge, which was more accurate.
The emitted radiation was observed by two ITT Model FW-118G 
liquid air-cooled photomultipliers. (Details of the voltage divider 
and the cryostat are given in Appendix 2). The signals from the photo­
multipliers were amplified by Keithley Model 417 electrometers and were 
recorded on the y-axes of Moseley Model 2D-2A X-Y plotters. The 
magnetic field surrounding the cell, which was measured by a RFL 
Model 1890 Hall effect gaussmeter, with a probe attached to the pole 
face approximately 5 cms from the central axis, was recorded on the 
x-axes of the plotters. In this way the intensity of radiation 
emitted in directions perpendicular and parallel to the field was
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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plotted simultaneously against the magnetic field, which was varied
26at a continuous rate by a synchronous motor on the magnet power supply 
The signal from either of these two photomultipliers could also be 
recorded, as a function of time, on a Bausch and Lomb strip-chart 
recorder.
Two Spectrolab interference filters in series, which 
transmitted the 7665 & or 7699 & resonance component with a spectral 
purity of one part in 10 ,^ a \/4 plate, and a polaroid filter, were 
placed, as required, in the exciting and fluorescent beams. The \/4 
plates were used for the following purposes: (l) to change linearly
polarized to circularly polarized light, thus permitting the a or tt 
exciting light, emitted from the lamp to excite both a and tt transitions 
in the fluorescence cell, and (2) to change right and left circularly 
polarized light, emitted along the field, to linearly polarized light, 
consisting of two components with mutually perpendicular planes of 
polarization, thus permitting, with the aid of a polaroid filter, to 
separate the proper component for the selective excitation of the 
desired m^ levels, either positive or negative. The polaroid filters 
transmitted approximately 45 per cent of the component of the 7665 8 
line which is polarized along its axis and approximately 0 per cent 
of the component polarized perpendicular to its axis. The X/4 plate 
was capable of rendering linearly polarized light circularly polarized 
to within 3 per cent.
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VI. THE EXPERIMENTAL PROCEDURE
The fluorescence cell and lamps were prepared, filled with
an appropriate quantity of potassium, painted with aquadag and provided
26with thermocouples, according to the methods outlined by Guiry and in
Appendix 1. The cell was then placed in the oven and connected to the
vacuum and gas filling system. The lamp was installed in its holder
and was allowed to operate for about ten hours after which its
optimum operating temperature was found by increasing the temperature
of its side-arm in steps and optimizing the polarization and intensity
of the emitted Zeeman components (see Appendix 1). This procedure
was repeated before each experiment to see whether the temperature had
to be decreased, which became necessary as the lamp aged. The lamp
was placed in the centre of the magnetic field and, with both fields
near zero, the optical system was adjusted so as to obtain the maximum
26fluorescent signal
The cross section for inelastic collisions between potassium 
2
atoms in the 4 P^/2 state anc* ground state helium atoms, which lead to 
transitions of the type |mjl =1/2 ■<->■ |mj| = 3/2, were measured as 
follows: two Spectrolab filters in series were used to select only
the 7665 X 1 ine from the radiation which was emitted by the lamp in a 
direction perpendicular to the constant field of 5 kG. Only the a 
component of this line was then transmitted by a polaroid filter and 
the beam was focused into the corner between the windows of the
28
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fluorescence cell. After evacuating the cell for several hours, the
magnetic field, was uniformly scanned from 0 to 10 kG, over a
26
period of three minutes . The fluorescent light, emitted perpendicularly 
to the magnetic field was collimated, passed through a polaroid filter, 
deflected by a 90° totally reflecting prism, passed through one 
Spectrolab filter, which also transmitted only the 7665 X line, and 
was focused onto the photocathode of the photomultiplier tube. The 
amplified signal from the tube was recorded as a function of the 
magnetic field using the X-Y recorder, first with the polaroid set to 
transmit only the a component of the fluorescence and then recorded 
again on the same graph, with the polaroid set to transmit only the tt 
component. The above procedure was carried out again with the polaroid 
in the exciting beam set to transmit only the tt component. The whole 
cycle was repeated at least once and the resulting measurements were 
used to obtain the degree of polarization of the fluorescence excited 
in pure potassium vapour, using Eq. (13):
§ - 11 
P = Is !a
O § + T1o 'o
where and T] are now the experimental intensities of the observed
tt and a components, respectively.
With the stop cock leading to the fluorescence cell closed
and the vacuum pump isolated, helium gas was introduced into the glass
26system and the pressure was adjusted (using the Autovac gauge) to 
about 0.01 torr. The stop cock was then opened and, after twenty
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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minutes, the helium pressure reached equilibrium in the system and in 
the fluorescence cell. As before, the magnetic field was scanned and 
the degree of polarization was found for each maximum. The procedure 
was repeated for various helium pressures up to 5 torr. The results 
of these measurements, used in connection with Eqs. (27), (28) and (29) 
yielded the collision numbers, z, and the cross sections, Q.
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VII. RESULTS AND DISCUSSION
The experimental intensity profiles of the a and tt 
fluorescence in pure potassium vapour excited with a light, emitted 
perpendicularly to the field M^,are shown in Fig. 8. The corresponding 
intensity profiles obtained with tt excitation are shown in Fig. 9.
Table III shows the experimental degree of polarization, as well as
the theoretical, of the pure potassium vapour, for the 3rC*, 4 ^  and
th th
5 maximum in Fig. 8 with a excitation (see also Fig. 2) and the 4
maximum in Fig. 9 with tt excitation. Maxima 1 and 2 in Fig. 8 are
due to tt impurities w h i c h  arise from reflections or s c a t t e r i n g  in the
s tlamp in such a way that they can excite a transitions (see Fig. 2, 1 
and 2n<* maxima). By examining Table III, it can be seen that the 
experimental degrees of polarization compare quite well with the 
theoretical.
The addition of helium to the fluorescence cell caused 
mixing collisions which changed the populations of the various levels 
and thus the relative intensities of the various maxima. This is 
shown in Figs. 10 and 11. Table IV shows the variations of the experi­
mental degrees of polarization with pressure for each maximum and these 
are presented graphically in Fig. 12, from which smoothed data were 
taken and used to calculate z, the collision numbers and Q, the 
collision cross sections for the process fmj = 1/2 |nijl = 3/2. 
These results appear in Table V 1-4. Table VI gives a summary of
31
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
R
eproduced 
with 
perm
ission 
of the 
copyright 
ow
ner. 
Further 
reproduction 
prohibited 
w
ithout 
perm
ission.
400
200
100
MAGNETIC FIELD ( kG)
Fig. 8. Experimental intensity profiles of the a and tt fluorescence in pure potassium vapour
excited with a light, observed perpendicularly to the field M^.   a component;
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TABLE III
Comparison of Experimental and Theoretical Degrees of Polarization of
the Fluorescence in Pure Potassium Vapour, for the 3rC*, 4*"^  and 5t 1^
2
Maximum with a Excitation of the 4 P,#, State of Potassium and
th '
the 4 Maximum with tt Excitation.
Mode of 
Excitation Maximum
Theoretical 
Degree of 
Polarization
Experimental 
Degree of 
Polarization
3 0.60 0.52
a 4 -0.75 -0.70
5 -1.00 -0.97
TT 4 0.60 0.55
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TABLE IV
The Experimental Degrees of Polarization for the Various Maxima, 
at Various Helium Pressures.
Pressure
of
Helium
(Torr)
Degree
with
3rd
Max
of Polarization 
a Excitation
, th cth 4 5
Max Max
Degree of 
Polarization 
in the 4fc^  Max 
with tt 
Excitation
0.028 0.488 -0.643 -0.895 0.510
0.069 0.440 -0.568 -0.818 0.465
0.180 0.346 -0.515 -0.692 0.412
0.380 0.283 -0.405 -0.594 0.331
0.820 0.188 -0.251 -0.349 0.227
1.450 0.125 -0.180 -0.243 0.148
2.050 0.091 -0.145 -0.200 0.109
2.650 - -0.120 -0.167 0.082
3.800 - -0.095 -0.137 0.058
5.250 - -0.080 -0.122 0.035
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TABLE V - 1
The Collision Numbers and Cross Sections for |mT| = 1/2 <— > JmT| = 3/2
rd
Mixing Collisions, Obtained from Smoothed Data from the 3 Maxinum
with ct Excitation.
Pressure
of
Helium
(Torr)
Degree
of
Polarization
Collision
No.,
(x 106)
Cross Section 
(x 10 cm )
.050 .458 3.2 1.7
.100 .408 6.4 1.7
.150 .368 9.5 1.7
.200 .338 12. 1.6
.250 .308 16. 1.6
.300 .288 18. 1.6
.400 .256 23. 1.5
.500 .234 28. 1.5
.600 .218 31. 1.4
.700 .210 34. 1.3
.800 .189 40. 1.3
.900 .178 44. 1.3
1.00 .168 48. 1.2
1.10 .158 52. 1.2
1.20 .148 57. 1.2
1.30 .140 62. 1.2
1.40 .130 68. 1.3
1.50 .123 73. 1.3
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TABLE V -  2
The Collision Numbers and Cross Sections for |mT| = 1/2 ^ |mTl — 3/2
th
Mixing Collisions, Obtained from Smoothed Data from the 4 Maximum
with ct Excitation.
Pressure n n ,, . .Degree Collision _ „
of _ N Cross Section
Helium D / ?A6> , ..-14 2.
(Torr) Polarization (x 10 ) (x 10 cm )
.050 -.600 2.4 1.3
.100 -.530 4.7 1.2
.150 -.480 6.8 1.2
.200 -.500 5.9 .77
.250 -.473 7.1 .74
.300 -.445 8.5 .74
.400 -.394 12. .75
.500 -.350 15. .78
.600 -.313 18. .80
.700 -.280 22. .83
.800 -.256 26. .84
.900 -.234 30. .86
1.00 -.219 33. .86
1.10 -.206 36. .85
1.20 -.194 39. .85
1.30 -.183 42. .85
1.40 -.178 44. .82
1.50 -.175 45. .78
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
41
TABLE V -  3
The Collision Numbers and Cross Sections for |mTl = 1/2 •*-> |mT| =3/2
t h.
Mixing Collisions Obtained from Smoothed Data from the 5 Maximum
with ct Excitation.
Pressure
of
Helium
(Torr)
Degree
of
Polarization
Collision
No.,
(x 106)
Cross Section 
(x 10 ^  cm^)
.050 -.850 2.0 1.0
.100 -.766 3.7 .98
.150 -.720 4.9 .85
.200 -.678 6.0 .79
.250 -.640 7.2 .76
.300 -.605 8.5 .74
.400 -.543 11. .72
.500 -.490 14. .72
.600 -.441 17. .73
.700 -.397 20. .75
.800 -.357 24. .79
.900 -.323 28. .81
1.00 -.297 32. .83
1.10 -.279 35. .82
1.20 -.267 37. .80
1.30 -.255 40. .79
1.40 -.246 41. .77
1.50 -.240 43. .74
UNIVERSITY OF WINDSOR IIR P.r
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TABLE V -  4
The Collision Numbers and Cross Sections for |m I = 1/2 -*-*■ 
Mixing Collisions Obtained from Smoothed Data from the 4
with tt Excitation.
Pressure , . .Degree Collision
of 6 „ Cross Section
Helium D n i ?;6n , in-14 2.
(Torr) Polarization (x 10 ) (x 10 cm )
.050 .486
.100 .439
.150 .403
.200 .373
.250 .346
.300 .322
.400 .289
.500 .268
.600 .251
.700 .240
.800 .230
.900 .217
1.00 .203
1.10 .190
1.20 .178
1.30 .166
1.40 .154
1.50 .142
2.8 1.5
5.5 1.4
8.0 1.4
1.1 1.4
1.3 1.4
1.6 1.4
2.0 1.3
2.3 1.2
2.7 1.2
2.9 1.1
3.1 1.0
3.4 1.0
3.8 1.0
4.2 1.0
4.7 1.0
5.2 1.0
5.8 1.1
6.4 1.1
|mJ = 3/2 
Maximum
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TABLE V I
Average Collision Cross Sections, for Collisions Between Potassium 
2
Atoms in the 4 P^/2 ®tate an(* Ground State Helium Atoms, Which 
Result in Non-Radiative Transitions |nij| = 1/2 •*—> Jm^ l = 3/2.
Method of 
Excitation
Maximum
Cross Section 
(x 10 ^  cm^)
a 3rd 1.4
a 4th .81
a 5th .77
nr 4th 1.2
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the collision cross sections obtained from each maximum.
On examining these average cross sections we see that they 
are largest in the 3r(^ maximum with a excitation and 4t*1 maximum with 
tt excitation. In these two maxima, only the |irtj| = 1/2 substates are 
populated by the exciting light. If the observed tt light is disproport­
ionately less intense than it should be, as would be the case if 
transitions between the fine structure states for which Aiij = 0 were 
preferred, then this could manifest itself as an apparently larger cross 
section. In the 4 ^  and maxima with a excitation the exciting light 
selectively populates the | mj| = 3/2 substates more than the |mj| = 1/2. 
For these two maxima, if the observed tt light is disproportionately 
smaller than it should be, this would manifest itself as an apparently 
smaller cross section. From these considerations, it appears that
there is a preference for transitions with = 0 between the Zeeman 
2
sublevels of the P resonance states in potassium.
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A PPEND IX 1
Radiofrequency Source of Potassium Resonance Radiation
*
for Use in Kilogauss Magnetic Fields 
ABSTRACT
A potassium rf electrodeless discharge is described which, 
when placed in a kilogauss magnetic field, emits intense and well 
resolved Zeeman components of the resonance lines at 7665 X and 7699 X. 
The lamp is particularly suitable for studies of atomic fluorescence 
using Zeeman scanning techniques.
I. INTRODUCTION
The studies of m. mixing collisions, which have recently 
J
27 28been begun in this laboratory ’ , pose a requirement for a source
of alkali resonance radiation which, when placed in a magnetic field 
of a few kilogauss, will emit intense resonance lines consisting of 
well resolved, narrow, and not self-reversed Zeeman components. In 
addition to the linearly polarized a and tt light emitted at right 
angles to the direction of magnetic field, it must also be possible to 
obtain from the lamp the pure ct+ or a components emitted in directions
This appendix first appeared as a paper by W. Berdowski, T. Shiner 
and L. Krause, Appl. Optics, (to be published in October, 1967).
45
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parallel to the magnetic field. The usual rf lamps which have been
29 30
described elsewhere * , were found unsuitable, because on application
of the magnetic field, the rf discharge contained in a vertical tube 
would be dispersed upwards and downwards, leaving no effective light 
source. A further complication arose from the mutual interference 
between the magnet’s power supply and the rf power oscillator to which 
the discharge tube was attached. Thus it became necessary to develop 
a new rf lamp which fulfills the requirements for successful operation 
in magnetic fields. Its construction, operation, and performance 
are described in the following sections.
II. DESCRIPTION OF THE LAMP
The general design of the electrodeless rf discharge as a
29 30
source of alkali resonance radiation has been described previously ’ .
In the present lamp, the discharge tube, which contains a small quantity 
of potassium and up to one torr of argon, is surrounded in the usual 
manner by a coil which forms part of the tank circuit in the oscillator 
but which is connected to the oscillator by a properly matched trans­
mission line. The latter enables the oscillator to be located away from 
the magnetic field surrounding the discharge, thus avoiding both harmful 
interference and capacitive power losses that would arise if ordinary 
leads were used.
The Pyrex discharge tube shown in Fig. 13 is cylindrical 
and its ends are closed off by plane windows, parallel to one another, 
and perpendicular to the axis of the tube. A side arm, containing liquid
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
47
H
T/rrrfrhEm
cm
Fig. 13. The discharge tube and oven, a, ’Aquadag’ coating; b, insulation; 
c, heater; d, mica sleeve; f, copper foil; g, brass block; h, 
cooling fins; i, thermistor; j, thermocouple; H shows the directions 
of the magnetic field.
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potassium, protrudes between the turns of the surrounding coil and extends 
downwards, where it rests in a small oven whose temperature determines the 
vapor pressure of potassium in the lamp. When in operating position, the 
tube is oriented with its axis parallel to the direction of the magnetic 
field which causes the discharge to be pressed against the walls of the 
tube and to appear as a luminous ring when viewed through one of the 
windows. The resonance radiation emitted perpendicularly to the magnetic 
field contains both a and tt components which are linearly polarized and 
may be separated with a suitable polaroid filter. The light emitted 
parallel to the field consists of a+ and a components which may also be 
separated using a circular analyzer. The circularly polarized light from 
the lamp is directed as required by means of a totally reflecting prism 
which is placed between one of the plane windows and the adjacent magnetic 
pole cap. In order, however, to ensure the absence of tt radiation from 
this light beam, only light originating directly from the discharge must 
be present and all light reflected in the lamp must be eliminated. This 
is accomplished with almost complete success by the particular geometry 
of the lamp and by painting the rear window and the outer rim of the front 
window with Aquadag in order to obscure light reflected internally within 
the walls of the tube. Various other shapes of discharge tubes were 
tried and were shown to be markedly inferior.
Good thermal contact between the side arm and the massive 
brass cylinder whose purpose is to create a constant temperature environment, 
is provided by a layer of corrugated copper foil surrounding the side arm.
The heater consists of a 3-fl coil of No. 28 chromel wire wound on the 
brass cylinder in which was embedded a Veco 41 A2 thermistor. The
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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temperature of the oven was kept constant within + 0.5°C by means of a
31proportional controller . Copper cooling fins, attached to the bottom
of the cylinder, were found necessary for proper temperature control which
was crucial to the successful operation of the lamp.
The coil which excited the rf discharge consisted of eleven
turns of No. 16 copper wire. It was made to protrude a little beyond
the windows which were thus kept at the temperature of the discharge and
free of metallic condensation. As shown in Fig. 14, the coil (L^ )
which constitutes the load in the tank circuit, was not tuned directly as
29
had been done with previous lamps , but was connected to the tuned coil 
(L^) by two RG-62/u coaxial cables whose impedance (about 100 Q) was 
matched to the output impedance of the oscillator. The length of the 
coaxial cables was equal to ^ wavelength (155 cm at 40 Mc/sec) and thus, 
before starting the discharge, the voltage across L  ^was a maximum and, 
after ignition, the impedance of the load assumed its matched operating 
value.
III. THE OPERATION AND PERFORMANCE OF THE LAMP
The operating characteristics of the lamp were investigated
by means of the apparatus which is being used to study collisional m^
28
mixing in alkali atoms . Resonance radiation emitted by the lamp which 
was placed in a constant field of 5 kG generated by a 30.5 cm electro­
magnet, was separated into the two fine structure components, was suitably 
polarized and used to excite selected Zeeman states in potassium atoms 
contained in a fluorescence cell which was placed in the field of a
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LAMP
0.1 0.1/if
/ \ Ar-
0.5 A + 300 V0.1/if
I50pf
0.5 A P6CU6 6CU6
t50pf
47 K
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Fig. 14. The 40 Mc/sec power oscillator. Coils L. and L„ consist of 
16 and 11 turns, No. 16 wire, respectively. Points A and A ’ 
are 3/4 turn from rf ground B. All resistors are rated at 
1/2 watt unless noted otherwise.
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second 30.5 cm electromagnet. The latter field could be varied continuously 
in the range 0 - 1 0  kG. The relative intensity of the resulting resonance 
fluorescence was measured, as a function of the variable field intensity, 
in directions parallel and perpendicular to the magnetic field.
The properties of the lamp was found to depend strongly on 
its geometry and the geometry of the exciting coil, on the contents of 
potassium and argon and on the temperature of the side arm. For best 
results and greatest stability of operation, the side arm should be 
about one quarter full of potassium and the argon pressure should be 
about 0.6 torr. A side arm temperature of 100° - 130°C, depending on 
the age of the lamp, corresponded to the most favourable properties of 
the emitted resonance lines which were intense, narrow and not self - 
reversed. Each particular argon pressure corresponded to some optimal 
side arm temperature which tended to be as high as possible, short of 
producing self'reversal. The average life of a Pyrex tube was found to 
be about 60 h, after which the glass became brown as the result of a 
reaction which consumed most of the alkali vapor. Before settling into 
an efficient and stable mode of operation, the lamp had to be subjected 
to an aging process which required about 10 h and was accompanied by a 
decrease in the optimal operating temperature.
The Zeeman components of the two resonance lines emitted by
the lamp were studied separately. First the a and tt components of the
7699 X 1 ine emitted perpendicularly to the magnetic field, were circularly
2
polarized and were used to excite the m^ sublevels of the 4 state
in the fluorescing vapor located in the variable field. Under these
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conditions the a and tt transitions could be excited by either a or tt 
incident radiation, giving rise to three fluorescent intensity maxima 
shown in Fig. 15(a). The maxima are caused by coincidences between the 
Zeeman frequencies in emission and absorption, which arise at particular 
values of the variable magnetic field, as is shown in Fig. 15(b). Note 
that the fluorescent light is not dispersed and that components are 
measured individually. Fig. 15(c) shows the relationships between the 
Zeeman components in emission (lamp) and absorption (cell). The central 
intensity peak in Fig. 15(a) is twice as high as the first or the third 
peak; this indicates that the a and tt components of the 7699 & line have 
equal intensities and is in agreement with theoretical predictions.
To study the Zeeman components of the 7665 X line, which
consist of two tt co mpo n e n t s  b e t w e e n  four a componen ts,  its linearl y
polarized a components emitted perpendicularly to the magnetic field
w e r e  als o u s e d  to exc ite  f lu ore sce nce , of w h i c h  b o t h  a  a nd tt c o mpo nen ts
were scanned with the variable magnetic field. The resulting pattern
shown in Fig. 16, arises from resonances between the various a components
in emission and absorption, which ensue at particular magnetic field 
27
strengths . Assuming that the intensities of the Zeeman components
20
are in the ratio Ql/2 = anc* us*n8 van Vleck's equations ,
it was possible to calculate the relative intensities of the a  and tt 
components in the fluorescent light, which are compared in Table VII 
with the experimental intensities. There is good agreement between the 
two sets of results and the slight difference between the calculated and 
experimental degrees of polarization appropriate to the first maximum is
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Fig. 15. The selective excitation of resonance fluorescence in the Zeeman 
components of the 42P . state in potassium. (a) The intensity 
profile of the a component (the tt component appears identical).
(b) The Zeeman splitting of the 7699 A line in the lamp (constant) 
and in the cell (variable), (c) Resonance between Zeeman com­
ponents in the lamp and fluorescence cell.
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Fig. 16. The selective excitation of resonance fluorescence in the Zeeman components of the 4 P^/2
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TABLE VII
The Relative Intensities of a  and tt Components and the Polarization of Fluorescence Excited
the ct Components of the 7665 Resonance Radiation
Intensities and First Peak at 3 kG Second Peak at 5 kG Third Peak at 8 kG
Polarization Experimental Theoretical Experimental Theoretical Experimental Theoretical
I
a
3.22 3 28 28 9.24 9
11.34 12 4.20 4 0 0
p = ' W ' W 0.56 0.60 -0.74 -0.75 -1.00 -1.00
Ln
Ln
most probably due to an admixture of tt impurity in the exciting light,
the presence of which is implied by a low and broad shoulder extending 
28from 1 kG to 3 kG , The Zeeman splitting in the relatively low field is 
also still small, giving rise to a possibility of mutual interference 
between neighbouring Zeeman levels and thus of consequent depolarization. 
The results shown in Table VII were obtained at a side arm temperature 
of 100°C. At higher temperatures, the heights of the maxima change and 
depart further from the calculated values, indicating changes in the 
a3/2: al/2 intensity rati°* Figure 17 shows the results of an experiment 
in which the ct” component of the 7699 i? line, emitted parallel to the 
magnetic field, was used to excite fluorescence which was also observed 
in a direction parallel to the magnetic field. Magnetic field scans 
at various temperatures of the lamp side arm shows that the higher 
fluorescent intensity was obtained at 130°C, above which self reversal 
set in, accompanied by an increase in the tt impurity which is represented 
by the small peak at 2.5 kG.
IV. CONCLUSION
The attempt to develop an rf alkali resonance lamp which 
would be particularly suitable for operation in kilogauss magnetic fields 
has, on the whole, met with success. The Zeeman components in emission 
appear to have suitable shapes and to bear the correct intensity relation­
ships with respect to one another. A further refinement of the design 
might include a variable inert gas pressure system which would permit 
the matching of inert gas pressure to any operating lamp temperature.
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Fig. 17. The effects of lamp temperature on the characteristics of the 
emitted Zeeman components of the 7699 $ line. (a) Magnetic 
scans of the resonance fluorescence at various temperatures, 
(b) A plot of the resonance fluorescent intensity against lamp 
temperature.
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There are indications that such a facility might provide better control of 
the Zeeman line profiles.
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APPENDIX 2
The Description of the Photomultipliers and Cryostats
The ITT Model FW-118 photomultipliers were mounted inside 
liquid-air cooled cryostats. These consisted of two concentric cans, 
separated by a vacuum. The photomultiplier tube was mounted in a holder, 
immediately below the inner can and in good thermal contact with it. One 
cryostat was made with a stainless steel inner can, while the other was 
made entirely of brass. The cryostat with the stainless steel can needed 
to be refilled with liquid air only half as often as the other (approxi­
mately every 48 hours). A plane glass window in the outer can permitted 
the light to reach the tube and a sliding shutter covered the window.
The connection between the tube, situated in the vacuum, and the voltage 
divider, situated in the atmosphere was made by having the P.M. plugged 
into its socket which was wired into a second socket. The latter socket 
was plugged into pins which were embedded in a plexiglass plate and 
projected to the other side. The plate was located in the outer can with 
the vacuum on one side and atmospheric pressure on the other. A socket, 
similar to the previous one, was plugged into the pins on the atmospheric 
side of the plexiglass plate and this socket was wired to the voltage 
divider.
Surrounding the tube were two Conetic-Netic, magnetic shields 
which proved effective in shielding it from the strong, stray fields in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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the room. The outside shield was at ground potential and the inside 
shield was kept at minus 1500 volts. These shields were fixed to the 
bottom of the inner can by means of a copper heat conducting sleeve and 
two copper plates (Fig. 18) and were thus kept, together with the 
photomultipliers, at near liquid air temperature. The shields were 
insulated from each other, and from the tube, by means of 0.030 inch 
teflon sheets.
Fig. 19 shows the schematic diagram of the Voltage Divider.
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INNER C A N  OF C R Y O S T A T
e
Fig. 18. Cross-sectional view of the photomultiplier mounted in a magnetically shielded, heat 
conducting holder, in thermal contact with the bottom of the inner can, containing 
liquid air, of the cryostat. a, teflon insulation; b, Connectic-Netic shield at 
-1500 V; c, teflon insulation; d, corrugated copper; e, copper sleeve; f, Connetic- 
Netic shield; g, copper, heat conducting support.
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Fig. 19. Schematic diagram of the voltage divider for the ITT Model FW-118 photomultiplier tubes.
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